Magneto-optical measurements are strongly dependent on the polarization of the radiation as well as the interaction geometry of the light with respect to the relative orientation and direction of the magnetization M. We performed magnetic circular dichroism (MCD) and magnetic linear dichroism (MLD) measurements around the Fe 
Introduction
During the last few years magneto-optical measurements based upon the magneto-optical Kerr effect (MOKE) gained quite some popularity. [1] [2] [3] Magneto optical effects can be measured in a variety of different geometries using either circularly or linearly polarized radiation. Within the classical Fresnel-Maxwell framework, the magneto-optical effect can be described by the difference between the complex refractive indices for right-and left-circularly polarized light. The refractive index does affect the reflection amplitude and thus the intensities of the reflected light between the two opposite polarization or magnetization directions.
Magneto-optical effects are not restricted to circularly polarized radiation (MCD), but can also be measured with linearly polarized light under certain geometrical conditions. In order to create a difference signal in the reflectivity for the magnetic linear dichroism (MLD) measurement, the direction of the magnetization M needs to be changed. Even though the same dielectric tensor elements contribute to reflection MCD and MLD transitions, it is not straightforward to predict similarities in the spectral line shape, angular variations of the total intensity, or variations in the absolute integrated intensity of the MCD versus MLD spectra.
Due to the relative complexity involved in a first principals calculation of the energy dependence of the dielectric tensor ε(ω), there are no advanced model calculations discussing magneto-optical effects for reflection MCD or MLD from shallow core states. A slightly different approach based on a purely quantum mechanical model considering the different transition probabilities of polarized radiation from exchange and spin-orbit split atomic core states into free electron continuum states was first discussed by Thole and collaborators. 4 A recent paper by G. van der Laan 5 , which extends the earlier model calculations, seems to reasonably describe the main features seen in MLD-photoemission experiments. 6, 7 The results of the one-electron calculations 4-7 indicate significant differences between the photoemission line shapes of angular resolved MCD and MLD experiments.
Unfortunately, these theories are not directly applicable to reflection based magnetooptical measurements performed as a function of photon energy rather than at a constant photon energy as in photoemission.
In previous experiments we measured the MCD effect around the M 2,3 edges of ferromagnetic films and developed a method to extract the dielectric tensor elements from the angular variation of the MCD spectra. 8 These experimentally determined offdiagonal tensor elements ε xy of Fe were used in the present study to test calculations based on the classical Fresnel-Maxwell formalism for magneto-optical effects involving linearly polarized radiation. We report experiments confirming our MLD model calculations predicting transversal MLD-effects which are considerably stronger than those measured with circularly polarized light.
Experimental Procedures
Due to the symmetry relation of the magneto-optical transitions, experiments can be performed by either keeping the direction of magnetization M fixed while changing the light helicity between right and left circular, or by alternating the direction of magnetization M while holding the helicity of light constant. In the MCD experiments we preferred to keep the orientation of the magnetization fixed while modulating the helicity of the light, whereas for the MLD experiments the magnetization direction is the only parameter which can be modulated to generate a difference signal in the reflection intensities.
For the MCD experiments we used a quadruple reflection polarizer to convert monochromatic linearly polarized synchrotron radiation into circular light. 9 By selecting the proper angles of reflection, it is possible to maintain a total phase shift of The experiments were performed at the University of Wisconsin's Synchrotron Radiation Center using the Amoco 6m toroidal grating monochromator beamline. 11 The quadruple reflection polarizer was installed at the exit mirror box of the beamline to allow for variable light polarization. The light intensity reflected off the sample's surface is measured with a Si-photodiode. The sample and diode are mounted on precision rotary manipulators allowing to separately adjust both angles of incidence.
Intensity scans are taken at a fixed angle of incidence θ while scanning the photon energy. To account for beam fluctuations and natural beam decay during the course of a storage ring fill, the Si-diode current is normalized with a signal obtained from a Nimesh which is located between the beamline exit slit and refocusing mirror box.
Thin Fe films of ~2000 Å thickness were deposited at room temperature under ultra-high vacuum conditions on mirror-polished (0.05 µm grit) stainless-steel substrates. The films were permanently magnetized in the plane of the sample by rare earth magnets which produce a magnetic field of ~0.3 T at the sample surface. For the MLD measurements the sample/magnet assembly was rotated around the x-axis to change the magnetization direction along the z-axis.The interaction geometry is shown schematically in Figure 1 .
Brief outline of the MLD formalism
The basic features of the different magneto-optical effects, which are the response of the reflected or absorbed light to angular and energetic variations, can be described within the classical Maxwell theory. Using this approach has the benefit of working within a set of simple equations which directly relate dielectric optical properties to measurable quantities such as the absorbed or reflected intensity. 12 For the current study, where we were simply interested in understanding the differences and relative merits of magneto-optical effects measured under various experimental geometries, the classical approach seems to be convenient and easy to follow.
The price one pays for this apparent comfort is that the extracted information is now hidden in the frequency dependencies of the dielectric tensor elements from which it is not straight forward to directly extract microscopic material properties such as the magnetic moment µ and its decomposition into the respective spin <S z > and orbital <L z > components via the so-called sum rules. Nevertheless, we have investigated sum rule with regard to our classical approach and will report our the findings elsewhere. 13 For the reflected light MLD experiments the polarization of the light wave was in the xy-plane of the sample which is perpendicular to the direction of magnetization as shown in Fig. 1 . In turn, the magnetization M is parallel to the sample surface along the z-direction. Magnetizing the sample M causes anisotropy and changes the dielectric 
where n and ε xy are the previously defined refractive index and the off-diagonal dielectric tensor elements.
The reflected intensities I ± , where ± indicates the two opposite directions of magnetization M along the z-axis, is given by
The strength of the MLD-effect is now defined as the difference of the reflected light intensities I ± between two opposite magnetization directions M + and M -, normalized to the average of the total reflected intensity,
The factor of 1/2 is commonly used in dichroism experiments to normalize to unit intensity.
Results and Discussion
In a previous paper we reported the reflection MCD effect of ferromagnetic Fe films around the Fe M 2,3 edge. 8 Using the Fresnel-Maxwell equations we were able to fit the angular dependence of the MCD spectra by means of an energy dependent dielectric tensor (ω) where the diagonal elements ε xx (ω) represent the non-magnetic optical properties of the Fe film. We chose to use literature values of the dielectric constants n and k 14 from which we computed ε xx (ω) rather than determining them as additional free parameters in the MCD fits. Figure 2 shows the real and imaginary part of the off-diagonal elements ε xy (ω) that result from the fitting routine employed in Ref. 8 . The error bars result from the uncertainties of the least square fit of ε xy (ω) and the assumption that n and k have a constant error of ±5%. This error in n and k was assumed in order to study the propagation of errors introduced by the diagonal elements in the least squares fitting of the off-diagonal elements. We found that errors of this size do not change the characteristic features of ε xy (ω), thus indicating that our analysis determines ε xy (ω) as a unique material characteristic rather than as a parameter that is simply constructed from ε xx (ω).
The spectral shape of the real and imaginary part have similarities with what is referred to as a "diamagnetic" or type 1 lineshape: the real part ε 1 xy (ω) peaks around the transition energy with negative underswings prior to and after the transition, while the complex part ε 2 xy (ω) appears like the derivative of an absorption peak. The "diamagnetic" line shape is the result of a single initial state transition with equal but opposite oscillator strength for right and left circular polarized light into split final states. 14, 15 Since the energy dependence of the tensor elements directly resembles the matrix elements of optical transitions into spin orbit split final states of a real multi electron system, it is not to be expected that the ε xy Fe-data exactly follow the shape of either the type 1 or a so called type 2 or "paramagnetic" line shape. The observed line shape deviations from these simple models are of course a result of the details of the spin polarized conduction band structure of Fe.
In the following we will use the dielectric tensor elements shown in Fig. 2, which were determined from the longitudinal MCD experiments, as input parameters for the MLD model equations in order to test the predictions using experimental MLD measurements. The spectra I + and I -are separately measured as a function of photon energy while keeping the angle of incidence θ constant. A typical spectrum displaying the variation of the reflected intensities as well as the resulting MLD-effect at an incidence angle of θ=45° is shown in Figure 3 . Similar to typical MCD line shapes (c.f. 
